What is ventricular fibrillation? Let me say at once that we have not at present a distinct conception of its intimate nature, but we are aware that ineffectual ventricular contractions succeed one another at a very rapid rate, and the function of the ventricles is entirely abolished; its clinical manifestation is therefore a sudden vascular collapse, and consequent instantaneous death. In the lower mammals fibrillation is generally a permanent condition, but in exceptional cases spontaneous recovery of the heart takes place. In the human subject (judging by the accounts of syncope resulting fromthe injections of adrenalin under chloroform) recovery from fibrillation is of not infrequent occurrence.
Despite the opinion, expressed some years ago by Professor McWilliam, that it might be found to explain sudden death in some JU-1 pathological states, this cardiac condition has been largely regarded in the light of a physiological curiosity only, and I am indebted to Professor Cushny for the original suggestion regarding its possible relation to certain anomalous blood-pressure curves which I had submitted to him.
Let me here draw attention to an analogous condition of the auricles, but only to mark a distinction: fibrillation of the auricles is now a well-recognized clinical entity; it is true it causes a disordered action of the ventricles, but this is entirely of another nature, and fully consistent with the survival of the individual.
Ventricular fibrillation does not occur, under chloroform, in the course of the normal action of the heart; it is invariably preceded by a highly irregular and distinctive ventricular action. The ventricles beat in response to impulses arising in many abnormal foci, none being propagated through the normal channel (that is the auricular ventricular bundles) in sequence to the auricular beat. The succession of these abnormal beats, or extrasystoles, is very rapid; in the cat the rate is from 270 to 330 beats per minute. Although irregular, these extrasystoles are co-ordinate beats, and the blood-pressure is fully maintained during their incidence, and in a manometer tracing this condition is portrayed as a succession of pulse waves which are smaller than the normal, so that to the finger the pulse would feel weak. The waves may be on occasion very evenly spaced, and then the pulse would feel regular, but frequently the tracing is highly irregular, and may be broken by short pauses, and the corresponding pulse waves would then be properly described as "fluttering." This cardiac condition, which is technically known as a multiple ventricular tachyeardia, is very commonly observed under low percentages of chloroform; it may persist for a considerable time, ultimately reverting to a regular cardiac rhythm, or it may on occasion, and on occasion only, terminate in ventricular fibrillation.
The multiple ventricular tachycardia is a highly developed manifestation of a property which is possessed by chloroform of rendering the ventricles liable to exhibit premature or extrasystolic contractions. These extrasystoles do not always appear in an unbroken sequence: they may be interspaced with normal beats, or they may occur singly and at irregular intervals, or more commonly at rhythmic intervals every second or third beat. When an extrasystole appears every second beat it is termed a bigeminal beat ( fig. 1 ), but it may not be recognized as such by the finger on the pulse, for the extrasystolic contraction may not be transmitted at all, and then the pulse-rate appears to become halved, or if imperfectly transmitted it may convey the idea of a dicrotic pulse.
Although chloroform renders the ventricles liable to exhibit these abnormal contractions, it does not itself excite them directly, there must be another and distinct exciting cause. By taking proper precautions it is possible to induce and maintain chloroform anaesthesia in an animal such as a cat without a single extrasystole making its appearance. The exciting cause of the extrasystole is some form of cardiac stimulation.
The effect of a cardiac stimulation naturally varies with its intensity, or may be modified by antagonizing agents (such for instance as exaggerated vagal action), but provided the heart be only lightly affected by chloroform, extrasystoles will almost certainly appear as a FIG. 1. Rhythmical extrasystoles occurring under light chloroform anesthesia. The tall peaks are normal heart-beats; the alternate small peaks represent extrasystoles, and they are followed by a pause indicated in the tracing by a drop in the blood-pressure. The alternating normal and extrasystolic contractions constitute the "bigeminal pulse." Hurtle manometer. Time marked in seconds. (Natural size.) result, and if they appear in a rapid sequence then they may terminate as ventricular fibrillation. If the heart be more fully affected by chloroform and the stimulation be intense these irregularities may still appear, but they never terminate in ventricular fibrillation; generally even the irregularities are suppressed. The controlling influence of full ancesthetic concentrations of chloroform upon the heart is a fundamental point in the consideration of the cauLe of death under chloroform; it is, I believe, connected with the depressing influence which chloroform exerts upon the heart, an influence which, as is now well established, is manifested in a progressive fashion as the strength of the vapour is increased.
I will now very briefly describe some of the more important f6rms of cardiac stimulation which are liable to produce a fatal reaction in the lightly chloroformed animal:
(1) Stimulation by excitation of the myoneural junctions of the sympathetic cardiac nerves (accelerator nerves), as by adrenalin. This is a very powerful form of stimulation, and almost invariably leads to ventricular fibrillation. (2) Stimulation of the accelerator nerve-fibres by electrical excitation: this results in ventricular fibrillation in about two-thirds of the experiments, the sequence of events in positive. cases being almost precisely similar to that observed in the adrenalin experiment ( fig. 2 ). Not only are the manometer curves identical, but the cardiographic tracings in the two cases are likewise identical, and there can be no Excitation of the cardiac accelerator nerves with a faradic current, in a cat under 0-5 per cent, chloroform. The heart-beat b6comes highly irregular and interrupted by short pauses, and finally fails abruptly and permanently in ventricular fibrillation. The figures above the curve indicate rates of heart-beat. The signal mark indicates the duration of the faradic excitation. Huirtle manometer. Time mar)ed in seconds. (Natural size.) possible doubt that an identical process is involved in each of these -reactions.
(3) Stimulation by accelerator impulses originating in the central nervous system, such as may accompany the subconscious emotional state of a strugg'ling animal. This is a very usual precursor of ventricular irregularities, and occasionally of ventricular fibrillation ( fig. 3 ). Ventricular fibrillation caused by struggling during the induction period.
Upper curve respiratory. This shows a declination in its first portion caused by a leak in the recording apparatus. Lower curve blood-pressure, registered by a mercury manometer. Time marked in seconds. Anwsthesia induced by 15 per cent. chloroform, then 2 per cent., then reversion to 1 per cent. when the animal began to struggle. The heart became very irregular, the chloroform was entirely removed, and the ventricles fibrillated a few seconds later. The fluctuations in the blood-pressure during struggling are mainly mechanical, and the small irregular beats are almost obscured in the reproduction; ventricular fibrillation is indicated by the abrupt fall of blood-pressure. The final fluctuations at the foot of the pressure curve are caused by the powerful asphyxial respiratory gasps, which are delineated in the respiration curve. The heart was inspected immediately on the cessation of respiration, and the ventricles were found in a state of coarse fibrillation. (x J.) readily induced by comparatively mild forms of sensory excitation, such as cutting the skin, or more certainly by cutting or applying a faradic current to nerve trunks containing sensory fibres. As a relatively rare event, ventricular fibrillation is a sequence.
(5) Stimulation by release from depressing or restraining influences, or "passive stimulation." This is well exemplified by the result of section !of the vagi; the heart becomes highly irregular, and not infrequently the ventricles ultimately fibrillate. Entirely analogous to this is the result of reducing the strength of the chloroform, or removing it altogether; the heart responds by gathering force and frequency of contraction, and in consequence it very usually becomes irregular; if it becomes highly irregular sudden syncope from ventricular fibrillation The effect of abruptly reducing the -strength of chloroform vapour from 2 per cent. to 0-5 per cent. Portions of the tracing have been cut out in order to reduce its length; the first interval represents a period of 115 seconds, the second interval a period of 85 seconds. The time-marker indicates seconds; the spaciing of the time marks differs accordingly as the paper was MOVing at a quick or slow rate. At the beginning of the tracing the vapour was reduced, the heart-beat then being regular, bloodpressure = 84 mm. Hg. In the middle section the blood-pressure has risen to 114 mm. ; extrasystoles now appear at irregular intervals. In the third section no chloroform was inhaled for the short space indicated between the arrows. At the mark + the irregularities assume a more intense form, that of a multiple tachycardia, and a little later the ventricles pass into fibrillation and the blood-pressure falls to zero in consequence. Huirtle manometer. (Natural size.) may be observed, sometimes attained with startling rapidity, but fortunately this climax is an exceptional event ( fig. 4 ). This effect may be observed in the earliest stages of the administration, but it has been frequently observed also in cats after removing the chloroform on the completion of an operation, particularly when excitement occurs on recovery, occasionally when the animal is perfectly quiescent. The animal is particularly liable to die in this way after a short administration, or after a more prolonged operation under restricted doses of chloroform; it may then occur within a minute or two or may be deferred so long as fifteen minutes. (6) Stimulation by re-application of the vapour after an intermission, or in the course of a very light administration.
The source of the cardiac stimulation affected in this way is complex. In the first place, a sensori-sympathic reflex originates as a result of the pungency of the chloroform vapour, and it is noteworthy that the The effect of suddenly administering strong chloroform vapour to a cat which was under the influence of chloroform but not inhaling any at the moment of re-application; 5 mg. of atropine sulphate had been injected in the earlier stages of the experiment. The heart is at first beating in I trigemins "-i.e., every third beat is an extrasystole; the irregular beat is not transmitted, and is identified by its following pause and con. seqtient fall of blood-pressure. On re-applying the chloroform (at the first signal mark) the blood-pressure rises considerably. In twenty-five seconds the beat becomes rapid and very irregular, and finally the ventricles fibrillate for a period of about four seconds, when recovery ensues. Time marked in seconds. Hurtle manometer. ( x 3.) stronger vapours are the more active when employed in this connexion, although ordinary anasthetic strengths such as 2 per cent. or under may produce a like result. In a normal animal, so far as I have observed, ventricular fibrillation is a sequence of re-application only when it is performed in the course of an already existing irregular tachycardia induced from some other cause, such as struggling or a reduced strength of vapour; otherwise evidence of a sympathetic reflex is best demonstrated in animals under the influence of sufficient atropine to a co-existent counteract vagal reflex. In fig. 5 it is seen that the first effect of re-application is a rise of blood-pressure due to a reflex vaso-constrictor action, and this is coupled doubtless with a reflex sympathetic stimulation of both the heart and suprarenal glands (vide infra). In part, but in part only, the vaso-constriction must be attributed to the initial stimulant action of chloroform upon the nerve centres, an action which was demonstrated by Gaskell and Shore, and an additional interest is attached to their observations in that they serve to illustrate that the initial effect of chloroform, before it becomes depressant, is that of a protoplasmic stimulant.' This initial stimulant action of chloroform is not confined to the nerve centres, it is likewise exerted directly upon the heart, muscle, and constitutes an additional source of cardiac stimulation. This triple attack upon the lightly chloroformed heart (through accelerator action, increased .adrenal secretion, and direct stimulation) may result in syncope from ventricular fibrillation before the chloroform has acted sufficiently loing to depress the ventricles, and death may result within a few .seconds of re-application or sometimes almost instantaneously thereafter.
There is a highly interesting adjuvant source of stimulation arising in the course of emotional disturbances and of sensory excitations.
Recent researches have thrown new light upon the secretion of adrenalin in response to nervous impulses. The suprarenal bodies receive their innervation through. the sympathetic system, and it has been demonstrated that in emotional states adrenalin is present in increased quantities in the blood, and that the secretion of adrenalin is increased likewise as a sensory reflex. I have shown by experiment that the reflex secretion of adrenalin alone may on occasion even be sufficient to set the ventricles in fibrillation, but the purely nervous mechanism-i.e., stimulation of the heart through the accelerator nerves-is by itself perfectly efficient to produce fibrillation, and the adrenalin factor, when it occurs, must be regarded generally as in the light of an accessory action.
These observations may be summarized-thus: Death from ventricular fibrillation under chloroform may be observed under any of the following and applied clinical conditions: I Hamburger's recent researches in connexion with phagocytosis incidentally afford a striking corroboration of this property of chloroform.
(A) During the induction and early stages of the administration of chloroform, and exceptionally later in the administration: (i) during struggles and excitement; (ii) on removal of the chloroform; (iii) on abrupt rewadministration of chloroform after removal, or its sudden increase during a period of very light anaesthesia; (iv) by any combination of these occurrences.
(B) During operation. By strong sensory stimuli under light anesthesia.
(C) After operation. On removal of the chloroform, specially after a short operation.
As regards ether. I have never observed death by ventricular fibrillation in cats under ether through any of the procedures indicated above; even very large doses of adrenalin have failed to produce this effect. Ether, however, is in no way protective against ventricular fibrillation, and there is no reason to believe that ancesthetic mixtures of ether and chloroform or indeed of any mixture containing chloroform are in any way exempt from the fatalities connected with the administration of pure chloroform.
THE CLINICAL. MANIFESTATIONS OF VENTRICULAR FIBRILLATION.
The respiratory phenomena following ventricular fibrillation are simple and distinctive. The respiratory centre is at first excited by the sudden ana3mia, and subsequently fails from the same cause; a few exaggerated respirations therefore follow the sudden cardiac syncope, and then the breathing ceases entirely. There is a persistent tendency towards recovery of the respiration, often continuing long after the heart has ceased to beat, and should the latter recover the breathing is immediately resumed. A secondary cardiac syncope, with its attendant gaping respiration, may supervene on a temporary recovery, and thus there arises occasionally some confusion in the clinical interpretations of the true order Qf events. Sudden anaemia likewise excites the spinal motor nerve centres of the skeletal muscles; some evidence of muscular convulsions is therefore generally observed, and in very lightly anmesthetized subjects these may be a pronounced feature of death by ventricular fibrillation; the " epileptiform fit," which has been in some cases described as preceding death, is probably -an asphyxial convulsion succeeding syncope.
There is one symptom which may be observed in man and which cannot be observed in the cat, and that is sudden and intense pallor; fi5 this is associated with another striking symptom-i.e., sudden and extreme dilatation of the pupils. The performance of artificial respiration may restore a pink tinge of colour to the face by setting up a slight mechanical circulation, but this is of course deceptive as regards the function of the heart, which is still entirely in abeyance.
THE CONDITIONS OF ANAESTHESIA WHICH PRECEDE DEATH IN THE HUMAN SUBJECT.
I have now given you a fairly complete account of death from ventricular fibrillation; it is a condensed account, but I trust a sufficiently clear one. The question now arises, what proportion of deaths occurring in the human subject may be attributed to ventricular fibrillation ?
An essential part of my theory is the fact that deaths by ventricular fibrillation occur only in the lightly anaesthetized subject, and it hence stands in clear contrast with the accepted explanation of death under chloroform-i.e., by over-dosage. The symptoms of over-dosage are familiar: The respirations and the pulse become progressively more feeble; the respiratory functions are generally the first to fail, and according to some authorities invariably the first. A form of death is likewise described by Embley limited to the period of the induction of anesthesia, the heart being suddenly arrested by vagal impulses arising in the medulla as a result of the direct action of chloroform; this, likewise, is an over-dose effect, and is only produced in normal-i.e., non-morphinized-animals by the persistent administration of a very strong vapour. The subject of death by over-dosage is long, complicated, and not fully investigated; let it suffice for the moment to admit that the over-dosed subject, with circulation and respiration strongly depressed, may be in a critical condition.
These two rival theories, under-dose v. over-dose, may be fairly submitted to the arbitration of clinical experience, and this test I shall now proceed to apply in the form of a collection of reports of fatalities under chloroform. In considering these reports I would ask you to bear in mind that a patient cannot be maae to pass, even by extreme measures, from a state of light anmsthesia into one of profound narcosis or over-dose in a few seconds; in effect, a patient cannot be struggling at one moment and profoundly anesthetized the next. I would also ask you to consider the following point: A certain quantity of chloroform must be employed, and a certain dose proportionate to the body-mass must be introduced into the body, in order to produce symptoms of over-dosage. The importance of regulating the strength of vapour has been so strongly insisted upon that one is likely to lose sight of the above fact. Snow calculated that 38 minims of chloroform retained in the body of an average adult would cause cessation of the respiration, but Snow only took the fluids of the body into account, and did not consider absorption by the solid tissues; further, his data regarding the solubility of chloroform in blood, as we now know, were not precise. Snow's estimate is at the present time considered too low, and it is probable that about twice the quantity i.e., 76 minims--would be a more correct calculation. When chloroform is inhaled from an open mask not more than half of it passes into the lungs as vapour, the remainder being dissipated into the air, and of the portion inhaled not more than half passes into the blood, the remainder being exhaled, so that we may say that about one-quarter of the chloroform put on an open mask may be absorbed, provided the conditions are such as entail a fairly rapid rate of evaporation. In the case of a closed inhaler the whole of the vapour is inhaled, and possibly half the chloroform put into it may be absorbed under similar conditions. We may take it, therefore, that not less than 2 dr. of chloroform in an inhaler, or 4 dr. in an open mask, administered in a full concentration, are essential to produce respiratory failure in an average adult. In many of the following cases the amount of chloroform employed was evidently carefully measured, and details such as these afford assistance in forming a judgment regarding the degree of narcosis involved. All cases in which not more than 1 dr. was used by open method or inhaler, have therefore been excluded from the category of death from over-dosage.
The collection of cases which I shall submit to analysis is that found in the Report of the Anesthetics Committee of the Royal Medical and Chirurgical Society, and issued in 1864.1 In this report 109 cases of fatalities are briefly summarized and commented upon. In many cases, but not in all, the original references are available, and from these I have in several instances obtained important supplementary information. I have found it necessary to exclude 11 of these cases as they are absolutely lacking in detail; the numerical references to these excluded cases are given in the appended table, as are likewise those of all the remaining cases, under separate headings. Thus there remain 98 cases to be dealt with, and the percentages mentioned are expressions of a proportion to this total of 98. No less than 47 (or 48 per cent.) are described by the Committee as lightly anasthetized at the time of death ; the terms employed are " incomplete anesthesia," " commencing to inhale," ' "stage of excitement," " not fully under," &c., and in one case " under the influence of chloroform." I give the reference numbers of these cases, but they require no further comment, they speak for themselves. The remaining cases are for the most part described as fully under, or else no specific comment is made. In 14 of these cases I find definite evidence that the patients were only lightly anaesthetized at the moment of death, and I have inserted in the table very brief abstracts of these reports in support of my contention. Thus in 62 per cent. of the cases it is demonstrated that the patients died under light ancesthesia. In 24 other cases, although no definite symptoms of light anaesthesia are described, it is possible to exclude over-dose as a cause of death. These cases are likewise briefly abstracted; it will be noted that in the majority of instances the chloroform had been entirely removed when death occurred, and there can be no stronger reason than this for excluding the possibility of death from over-dosage. It thus appears that in 87 per cent. of the cases death was not caused by an over-dose. In six other cases the evidence is not so definite, but I consider that death by over-dose is improbable; I cannot support this contention in a brief abstract, for the original reports must be carefully considered. Thus in 92 per cent. death by over-dose could either be excluded or was improbable. I do not venture to express an opinion upon the details available of the remaining seven cases. There is a strong suspicion of under-dosage in several, in some of the others there appears to be a possibility of death from over-dosage, but in not a sintgle instance out of the whole 98 cases is there any definite evidence that the patienzt died from over-dosage.
You cannot, I am sure, fail to be impressed with the fact that some 87 per cent. of deaths are not caused by over-dosage, and therefore can be accounted for by no other theory than that of fibrillation of the ventricles; I believe the actual facts are even more impressive than this, and that of the remaining 13 per cent. a large majority must be included in the same category; a few of them may be due to accidental causes, but there is little or no direct clinical evidence to show that any deaths are due to over-dosage.
THE MODE OF DEATH IN CHLOROFORM SYNCOPE.
We may now consider the mode of death in these cases. It will perhaps carry more conviction to your minds if I quote the words of Snow, in commenting upon a number of cases collected by himself, all of which are included in this report. He says: 1 "In all cases in which the symptoms which occurred at the time of death are reported, there is every reason to conclude, as shown above, that death took place by cardiac syncope, or arrest of the 'action of the heart. In forty of these cases the symptoms of danger appeared to rise entirely fronm cardiac syncope, and were not complicated by the over-action of the chloroform on the brain. It was only in four cases that the breathing appeared to be embarrassed and arrested by the effect of the chloroform on the brain and medulla oblongata, at the time when the action of the heart was arrested by it, and only in one of these cases (No. 422) that the breathing was distinctly arrested by the effect of the chloroform, a few seconds before that agent also arrested the action of the heart."
These are Snow's words. The theoretical conclusions he arrives at are not material to the question under consideration; I have dealt with them elsewhere, but I would point out that the remaining cases in the list might be summarized in almost precisely similar words, for death is clearly described in the great majority of cases as occurring by primary cardiac syncope. This -mode of death conforms with my theory of death by ventricular fibrillation, and all the clinical symptoms and manifestations of this form of syncope are very fully illustrated in many of the reports. Furthermore, you will find in these reports ample illustration of the various modes of the production of ventricular fibrillation which I have described as occurring in animals. It is to the original reports themselves that I must refer you for confirmation of this statement, for I have been unable to emphasize these points in my brief tabular summary of the cases. I Snow " On Ansesthetics," 1858, p. 217. 2 No. 50 in Royal Medical and Chirurgical Society's list.
PRACTICAL CONSIDERATIONS.
It must now be admitted in view of the foregoing experimental and clinical evidence that the subject of light chloroform anmesthesia requires very serious attention, and that appropriate precautions should be adopted. Fortunately these are very simple; the first principles are to keep the patient fully ana?sthetized and to make the administration continuous. I do not in any way advocate an excessive administration, for profound narcosis is uncalled for except by the exigencies of some special operations only; it can and should be avoided.
In the induction stage the administration should not only be continuous but should also be progressive; the strength of vapour should be increased as rapidly as is possible without distressing the patient, for it is well to bring the patient under the full influence of chloroform as quickly as is practicable. Sufficient vapour should always be available; to speak in percentage terms,1 a vapour of 3.5 to 4 per cent.
strength may be required for exceptional and insusceptible cases, for such insusceptible cases always present elements of danger from imperfect anaegthesia. In my opinion and experience a 4 per cent. vapour strength may be used with impunity when attained in progressive stages, but it should not be used for long, and it should not be used unless necessary. For some cases a 2 per cent. vapour is sufficient, but these cases are in a minority [6] . Should the patient become excited or struggle during the induction, the administration should never, on any account, be remitted, as is at present the practice and teaching.
There is one practical detail which I believe is important, and that is to keep the patient entirely undisturbed until fully under the anesthetic. It is too frequent a practice to attempt to save time by scrubbing or shaving the skin during the period of induction; this may produce excitement, and, therefore, even the bandages should be left undisturbed until consciousness is absolutely abolished.
The skin incision and the earliest stages of the operation should be performed under a full degree of ancesthesia, with the pupils slightly dilated and with a faint corneal reflex only. The strength of the vapour may be diminished as the operation proceeds, for a lower per-' These percentage terms will be more readily appreciated by those who have employed percentage inhalers. I may add that it is difficult to obtain so much as 4 per cent. of vapour from an ordinary " open " mask-i.e., a mask which is not in contact with the face. centage suffices to maintain a sufficient depth of narcosis, but all severe operative procedures should be anticipated by a more liberal administration.
These new facts which I have presented almost appear to reopen the old and oft debated question-whether to watch the pulse or the respiration. There can be no doubt that both pulse and respiration should receive attention, and the respiration the greater share. No process of intalation can be successful without a properly maintained respiratory process, and further, weakening of the respirations remains the most important sign of impending excessive dosage. The pulse should unquestionably be kept under observation likewise, for any of the abnormalities of the heart-beat to which I have already referred may provide danger signals of important significance; a't the same time you cannot rely on the pulse as a guide to under-dosage, as you can on the respiration as a guide to over-dosage; for an irregular pulse may be followed by ventricular fibrillation with startling rapidity, and the time all too short to adopt remedial measures.
I feel constrained to touch upon a certain condition which is not uncommon and which is dangerous. The patient is not over-dosed, a fair corneal reflex is present, the pupils are somewhat dilated, the skin pale and sweating; the pulse is rapid and small. This condition is the result of sympathetic reflexes from sensory stimuli; it is generally regarded as one of shock, but it is not so in the proper sense of the word, for the blood-pressure may be well sustained. Should the anesthetic be remitted during this condition a disaster might very well occur; the interests of the patient would be best considered by stopping the operation for a little while and putting him more deeply under the ancesthetic before proceeding further.-Narcosis should be properly maintained up to the last stages of the operation; and after short operations even during the final bandaging. Never try to rouse the patient, but when everything is completed get him put back to bed with as little disturbance as possible. For short operations chloroform should be very fully administered, for cardiac syncope may occur during the rapid recovery which follows a brief and light administration of chloroform. In the case of childrenlthe danger is probably less, for they do not appear to be so subject to this form of syncope as are adults, but it is well even in their case to ensure verv full anesthesia before discontinuing the administration.
To attain a continuous administration a methodical procedure is obviously desirable; probably the nature of the method is not so important as the employment of some method, whether by. inhaler or otherwise. Every expert ansesthetist has doubtless by dint of experience developed his own method, but the uninitiated may find some hints on methodical procedure with the simplest appliances in a former paper which I have published appertaining to the physical conditions of the evaporation of chloroform [5] . I have found it possible not only to develop methods with simple appliances, but what is more important, to make them teachable to students.
It is not every error of administration that is penalized by death of the patient, as you will have gathered from my experiments on animals, and it is a fortunate circumstance that men are not so liable to ventricular fibrillation as are cats; but a repetition of errors of the kind I have mentioned in detail will inevitably exact its toll of fatalities.
I have entered into the particulars in some detail; they are perhaps a counsel of perfection, for the essential points are merely full and continuous anesthesia. The first of these points was insisted on by Syme in the old Edinburgh days and practised with undoubted success; the second is no less important. There is no doubt that under Syme's instructions his patients were fully anesthetized, and according to Lister he never had a death from chloroform to the end of his career. This fact not only supports my views in regard to the danger of light anaesthesia, but it likewise confirms my contention that there is very little if any real danger of deataV by over-dosage in the hands of fairly competent administrators, Xo11 it must be remembered in this connexion that Syme's anaesthetics were given by his house surgeons, and not by specially trained anesthetists; in fact, although some degree of overdosage is a common enough event in practice, I do not think any qualified anmsthetist is likely to push the process to such an extreme degree that the vital functions become extinguished beyond all hope of resuscitation.
It is now obvious that the present-day teaching, that safety lies in the attenuation of vapour percentages, must be permanently abandoned, but there is no reason for a violent reaction, leading to the adoption of the extreme opposite practice. Excessive dosage is 'of course undesirable in every way, apart from the immediate question of danger to life, and it may be avoided most readily by the same practice which I have already advocated as tending in part to avoid death by ventricular fibrillation-i.e., by a methodically controlled and coatinuous administration of vapour; in other words, by maintaining a steady level of anaesthesia, so far as the exigencies of the operation will allow.
What are the proper methods of resuscitation to adopt when ventricular fibrillation is established ? The only remedy I have to suggest is massage of the ventricles. It is not advisable to attempt, this at once, for the heart may recover spontaneously; two minutes' grace is all I would advise. During this interval I would continue to keep the lungs well charged with vapour by artificial respiration in anticipation of a tendency to relapse after recovery. At the end of two, minutes, if there is still no indication of cardiac action, open the abdomen, and with the hand compress the ventricles between the diaphragm and the chest forcibly and rhythmically. Artificial respiration should be maintained meanwhile, so that the heart may not die from asphyxia, for a measure of circulation is maintained by the cardiac compression. Undoubtedly direct digital compression of the ventricles would be the best measure to adopt to restore the heart's. functions; it is generally successful in animals after a time, but it could only be attempted in the human subject if proper means were available for insufflating the lungs after opening the thorax; whether such an extreme measure would result in permanent recovery of the human patient can only be told from actual experience. I may here introduce a few words regarding the' much discussed relation of asphyxia to sudden death. I investigated this subject experimentally some time ago, and was then quite unable to confirm any relationship, short of complete suffocation [7] . I did, however, describe an irregular action of the heart which is frequently noted in asphyxia under chloroform; these asphyxial irregularities are identical with the chloroform irregularities described in this paper, and at least one source of cardiac excitation has been demonstrated to arise as the result of asphyxia-viz., an increased output of adrenalin. The action of asphyxia is, however, complex, for cardiac anoxammia is a condition which very distinctly protects against ventricular fibrillation by depressing the heart, very much as full chloroform 'anesthesia does; but the irregularities induced by asphyxia under light chloroform anmesthesia, may, as an exceedingly rare event, proceed to actual fibrillation, as I have indeed now observed in a single and non-fatal instance. Danger is more likely to arise in practice if the chloroform be withdrawn after the airway has been cleared, and the patient is recovering from profound asphyxia. That the danger of asphyxia under chloroform has been greatly exaggerated is evident from a consideration of the Medico-Chirurgical Report, for in four cases only is there any reference to a dusky complexion preceding death; in each case there was other ju-2 sufficient reason for death occurring, and it is an open question, on clinical evidence alone, whether the asphyxia had any relation in this respect.
A word of warning in regard to the use of atropine. This throws the vagi out of action, and no doubt favours ventricular fibrillation under light ancesthesia; in fact, it will frequently cause death under such conditions when injected into a vein in animals. When very deep ansesthesia is required it is probable that atropine sustains the heart's action, and it should only be employed under such circumstances, otherwise I regard its use as inadvisable.
As a final point of clinical interest I may tell you that the drugs known as epinine and tyramine act precisely like adrenalin, but I cannot find any definite objection to the use of pituitary extract for the treatment of shock under chloroform; this substance is a cardiac stimulant to a slight degree, and should, therefore, be used with some caution, but I have not succeeded in causing death in cats by its agency.
In conclusion, I may quote the statistics of the Registrar-General's Reports to reinforce my position. The number of deaths under chloroform and mixtures containing chloroform vary from 83 to 90 per cent. of the annual total of deaths under anasthetics, and the latter nmay therefore be taken as a rough measure of the deaths under chloroform.' In 1900 the recorded deaths under chloroform were 116, and they have been increasing ever since until in 1910 they doubled their number, reaching a total of 234. In 1911 a more accurate method of registration was adopted, and the total rose to 276. No doubt the increase is partly accounted for by the increase in the number of operations performed in recent years, but on the other hand, it should be borne in mind that there has been a great tendency to displace chloroform by other anesthetics, and at least it is abundantly evident that the insistent teaching of recent years, tending to the extreme attenuation of chloroform vapour, has done nothing to reduce the number of fatalities; in my opinion it has been largely responsible for their perpetuation and increase.
I put my views forward in entire confidence that they are the correct views to adopt, and that they will prove of substantial benefit to humanity. Nevertheless I recognize that they may be modified as the result of clinical observation, and I venture to trust, that bearing this in mind, every administrator of anesthetics who may observe a I It is not possible to calculate the exact percentage in any one year owing to a lack of sufficient details. death under chloroform will adopt some means of putting the fullest possible report of it on record.
It has been possible, within the scope of this paper, to present the subject in brief outline only ; my researches into the cause of sudden death under chloroform have formed the subject of a number of papers [2] , [3] , [4] ), and I must refer you to these for the more precise experimental details, and equally for a reference to the names of the many investigators whose works have contributed an important share in the solution of this complex problem. of chloroform in an inhaler. 19. The towel was removed, but the patient not being insensible it was again applied; after a few inspirations the pulse ceased and the patient died. 29. " To prevent his becoming altogether sensible I commenced to give him a little more chloroform; he had only taken two or three inspirations when his breathing ceased'" (Snow, " On Anesthetics," p. 208). 32. " Insensibility was not complete, for after the incision was made the man more than once said a cat was scratching him " (Lancet, 1853, i, p. 21). 37. The chloroform was removed whilst patient was still violent; having quieted down he was pulled into position and the perineum shaved; he died suddenly without having had any more chloroform.
58. As soon as the patient became unconscious the inhaler was removed, and acid applied to some warts; she moved her legs as though recovering from the ansesthetic, and died a few minutes later; 1 dr. of chloroform in the inhaler.
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ANALYSIS OF 109 CASES OF DEATHS UNDER CHLOROFORM-(continued).
Cases showing definite evidence of light anaesthesia, but not so described by the Committee-(continued)
Cases in which overdosage can be excluded ...
No. 78. Chloroform given to allay maniacal excitement; "great excitement and struggling." 81. Operation ended, chloroform removed; a moan. was heard; patient died. 87. Chloroformn reapplied; stertor appeared whilst struggling continued; sponge at once withdrawn; in another minute full stertor came on; pulse ceased; respiration continued for some time. ,, 95. " He suddenly raised himself in bed, and thebreathing ceased." 96. Operation commenced, patient slightly conscious; another drachm of chloroform wasapplied, patient took one inspiration, and pulse stopped. 99. The patient moved his limb slightly and more chloroform was applied, when he suddenly became deathly pale and his pulse ceased. Total 14 ..,, 106. Seated in a chair; in three or four minutes-" the spasms which precede the loss of sensibility set in," when the pupils suddenlydilated, and no pulse could be felt.
No. 18. Death occurred suddenly after the administration was discontinued; 1 dr. of. chloroform on a handkerchief. 25. Induction with 70 minims of CHCI3 in about seven minutes; insensibility being established the further administration of chloroform was desisted from; the respirations were then unembarrassed. the pulse regular and about 70, the lips florid; the scrotum was then incised, blood flowed freely at first but almost instantaneously ceased; the pulse ceased at the same moment.
26. Chloroform removed, pupil contracted, conjunctiva slightly red; operation performed without further chloroform; at end patient.
found to be dead.
,, 31. Caustic applied when insufficiently insensible, a little more chloroform given; caustic again applied without further chloroform; death onL completion of application of caustic. 35. Trismus preceded cardiac failure; death after less than five minutes' inhalation. ,, 36. 1 dr. of CHCls inhaled from a sponge held over the nostrils, the mouth being left free; the patient died on the first incision after inhaling in this way for four minutes only. ,, 39. The inhaler was removed and patient drawn into (lithotomy ?) position when the pulse was noted to be weak and fluttering, the pupilsof medium size; the respirations gradually-ceased.
'Cases in which overdosage can be excluded -(continued)
No. 41. Operation for lipoma of the back, patient sitting up; 1 dr. of CHClI given; the patient fell forward on the incisions being made and was found to be dead. ,, 42. 1 dr. of CHCl, inhaled from a sponge for five minutes; a second drachm was then added, when pulse stopped almost immediately after; the pupils were not dilated before death. 43. " Symptoms of anaesthesia" were obtained after two minutes' inhalation with considerable struggling; patient then drawn to the side of the bed and an assistant directed to put " several drops of chloroform on the compress "; pulse ceased suddenly on performing a short operation; breathing continued; the compress had been removed several seconds before the pulse failed. 44. Chloroform administered with "more than usual precaution ; forty minutes taken to induce "conclusive signs of the satisfactory action of the chloroform "; the pulse stopped suddenly just before the operation was com. menced. 47. Pulse failed suddenly on reduction of dislocation; the respirations continued; during a temporary recovery of the heart the patient extended his arms, and appeared to reply to questions; secondary collapse then occurred and death. 51. Duration of inhalation about three minutes, "insensibility just fully established," when the pulse failed suddenly; 2 dr. of chloroform on lint. 57. Patient partially recovered after two minutes without chloroform; another half a drachm poured on lint and applied to the nostrils, which was said to produce full anaesthesia; respirations well sustained; pulse frequent and feeble; chloroform again taken away, after which pulse ceased, and respirations shortly after; operation not begun. The PRESIDENT (Dr. Blumfeld) said that Dr. Levy's laboratory work was of the greatest possible interest to members of the Section, who would naturally criticize it from the point of view of their own clinical experience.
He knew that Dr. Levy would welcome all such criticism, and where the clinical facts seemed at variance with the theory he advanced would explain to thc Section how the two were correlated. Whether they accepted Dr. Levy's explanation as covering the great majority of chloroform deaths or not, it was at any rate one that appeared to account most satisfactorily for many fatalities which had hitherto been difficult to understand. All ana%sthetists of experience realized that there were, broadly speaking, two different kinds of chloroform fatality. There was, firstly, the over-dose kind-the kind which was preventible, and which might fairly be said never to occur in experienced hands. On the other hand, there was the death that happened suddenly, early in the course of administration or after administration had ceased; at any rate when narcosis was in a light degree and when over-dosage could be excluded. Such cases had occurred under experienced administrators, and often explanations based upon respiratory interference had been made to account for them. Dr. Blumfeld thought it highly probable that some of these cases were instances of fatal ventricular fibrillation. With regard to the preliminary use of atropine, he approved of it, though he realized that the physiological support which Dr. Embley offered for such approval was to some extent negatived by the conclusions of Dr. Levy, and regretted that there was not present on this occasion a physiologist of the school which maintained that all chloroform deaths were due to the inhalation of too strong a vapour; such a man might have, to use a sporting term, "extended" Dr. Levy more than he (Dr. Blumfeld) was capable of doing. He wished, however, to thank the author most warmly for bringing his work before the Section.
Mr. RICHARD GILL: I cordially agree with the remarks made by our President respecting the importance, and particularly the scientific importance, of the address which Dr. Levy has given us. I well remember an occasion when several eminent physicians and physiologists were present at an operation for dividing the left vagus in a female with exophthalmic goitre. It was anticipated that acceleration of the pulse would result. No obvious alteration, however, appeared. I know of two other instances in the human subject in which the left vagus was divided, without any immediate or remote pulse disturbance. Experience drawn from section of the vagus in man would therefore seem to conflict with the results of similar operations on the lower animals, and I think the belief is more commonly entertained now than formerly that it is hazardous to deduce the same results happening in man from those which occur in like operations on the lower animals. I am glad to observe that Dr. Levy takes into consideration the action of causes other than chloroform during the administration of the latter. He mentioned the emotional factor, oftentimes troublesome during the first stage of the induction of anDsthesia. The emotional patient presents quick, pulse with small volume and acceleration of respiration. The introduction of chloroform vapour into the chloroform-air atmosphere admirfstered should be so nicely regulated as not to interfere unduly with the action of the respiratory machine. Instead of making haste we have to proceed slowly up to the moment when the vasomotor and respiratory centres are released from stimulation. For the fearful patient ceases to be afraid when he discovers that he has no ground for his fear.
Dr. Levy tells us that chloroform has no direct effect on the heart, and I quite agree with him. But, unfortunately, fatalities occur, and the question is, " How are these brought about?" From his experiments on the lower animals the following answer appears, according to Dr. Levy, to be conclusive: After a period of abnormal activity, fibrillation of the left ventricular muscles produced by stimulation of the centres in the spinal cord or medulla eventually appears, continues for a short time, and is followed by syncope, which is fatal. Now I venture to point out that if, before reaching the stage of ventricular fibrillation, Dr. Levy had applied the means for resuscitating the animal experimented on, he might have succeeded in restoring it to its natural state. In these circumstances, and supposing the restoration of the animal, the fibrillary stage would not have been reached, and a fact for the construction of an hypothesis would not be forthcoming. It should be noted also that fibrillary contraction, upon which Dr. Levy so strongly insists, does not embrace the whole phase of the heart's abnormal activity. Fibrillation of the left ventricular muscles occupies but a small part, and that towards the end, of the course of the complication or the abnormal state in which the animal is found. Might not the real cause of the fibrillation be referred to the last stages in the progressive exhaustion of the cardiac energy from chloroform narcosis-i.e., an over-dose of chloroform in the blood? Dr; Levy does not exclude that possibility, because he does not enumerate all the other signs or results accompanying fibrillation which are essential to the rational consideration of the causation of it. Thus he does not give us any information as to the condition of the lungs, whether congested and to what extent; and the pupil, whether dilated and to what degree, and the degree of sluggishness of the iris muscle; nor does he tell us what the actual state of the respiratory machine was at the time of the appearance of fibrillations of the left ventricular muscles. It is dangerous ,to draw conclusions from a single fact or result, and unless all the material evidence is before us it is impossible to reach a true solution. Chloroform may be administered to the lower animals, and, from what I have seen, it usually is administered in excessive doses. As far as results are concerned, there is much perplexity arising from moderate degrees of over-dose, when unduly prolonged, being associated with crisis, while these are apparently innocuous for shorter experiments. But unless we have the means of rendering the progress of chloroform activity uniform, and confining its action to the lowest degree associated with unconsciousness, it will be impossible to observe with accuracy the appearance. the progress, and the termination of intervening causes. And Dr. Levy sounded a very true note when he said that what is wanted by administrators of chloroform is a unifoym course. I think the first step towards that desirable end is to restrict the 'term " anaesthesia" to the lowest degree of chloroform action producing unconsciousness, and to regard it as a 'state made up of the following components: automatic respiration, frequency 28, natural colour of the complexion, contracted pupil, pulse 73. Now, by means of the uniform course of chloroform anesthesia, it is possible. to observe the beginning and progress of a complicatory cause whenever it operates, and from the record of the. abnormal results, tabulated in the order of their appearance, to isolate the true nature of it. The complications involving cardiac changes are the following: primary cardiac syncope, reflex stimulation of the vasomotor centre, and direct stomachic action. In primary cardiac syncope the phenomena which appear first are sudden fall of blood-pressure and complete dilatation of the pupil. The action of the respiratory machine is next affected, the range of its movement progressively diminishing until it ceases after a period of thirty-five seconds. In this group of complications I have never detected any alteration in the pulse up to the moment of the sudden failure of it. In reflex stimulation of the vasomotor centre the progress'of the alterations in pulse, respiration and pupil is very rapid, and temporary collapse is manifest at the end of' five seconds if the degree of stimulation be intense. The results appearing first are sudden fall of blood-pressure and wide dilatation of the pupil-justl as in primary cardiac syncope-followed by a rapid and progressive reduction in respiratory movements, which apparently cease at the end of five seconds. The difference in the attitude of respiratory action to fall of blood-pressure, arising from different causes, serves as the means of distinguishing the particular cause of it. But the respiratory machine is not totally inactive; faint movements may be observed in the lower abdomen, and these during the continuance of restorative measures--viz., the displacement forwards of the base of the tongue, which allows of the free passage of air through the glottis, and lowering the head and shoulders-gradually and progressively increase until, at the end of sixty-five seconds, they reach their natural condition. The pulse reappears at the wrist about midway in the course towards recovery, and; proportionately to the increase in the respiratory wave, increases in volume and strength until it reaches its natural state. In this group of complications I have never detected any change in the pulse, either before the failure of it or during the subsequent period of the return of it to the normal, which could be ascribed to ventricular fibrillation.
In the third group the first phenomenon to appear is inhibition of the respiratory machine, and this is followed very quickly by a corresponding fall of blood-pressure. Just before the act of vomiting the pulse may betemporarily imperceptible. After the contents of the stomach have been expelled, both pulse and respirations rapidly return to their natural conditions in this group. I have' never observed that abnormality in the pulse which Dr. Levy associates with fibrillation of the ventricle. But the two latter groups of complications may be further complicated by the improper action of chloroform either in the airway as a respiratory over-dose or in the blood as a blood overdose. Ii there be an excessive amount of chloroform vapour in the airway this will delay the normal progress in the complex act of vomiting-a natural function-and, as a consequence, the action of the heart becomes embarrassed. And if, in reflex stimulation of the vasomotor centre, the degree of chloroform action be narcotic instead of anesthetic, the natural return of the bloodfrom the splanchnic area to the left ventricle will be more or less impeded at the alveolar region according to the greater or less degree of pulmonic congestion -i.e., distension of the pulmonary artery. In chloroform narcosis the conditions of the right and left ventricles are altered from the normal, so that the former is unduly full and the latter is imperfectly supplied. Now it is not difficult to perceive that a heart in these abnormal conditions will be still more distressed whenever the drain of blood is increased from the left, and distension is raised in the right ventricle. Do fibrillations of the left ventricle occur in those instances in which the heart is embarrassed and eventually distressed? From what Dr. Levy has demonstrated to us it would appear that they do; but he will appreciate the extreme difficulty there must always be in proving, or rather showing, that they actually occur in the human heart. Because, in the latter, whenever a complication appears and is associated with a state of crisis, there is no time to be lost in ascertaining the actual condition of the heart-all effort must be concentrated on the restoration of the patient. But in the case of the lower animals, if the nature of the experiment requires it, the condition of the heart may be observed, though the animal is moribund; thus the life of a dog might be sacrificed in order to study a phase in the conduct of its heart in abnormal circumstances. Experimentalists can acquire information in that way which is denied the practical anaesthetist. There is, however, a phase in the conduct of a "tired" heart which approximates in some measure to the fibrillary features of the cardiograms shown by Dr. Levy. Towards the last stages of asphyxia, and while the right ventricle is being progressively overworked by increasing resistance at the alveoli, the frequency of contraction, instead of remaining slow, becomes accelerated, and just before the heart ceases to functionate there appears a short interval in which the contractions are very rapid and of small range. Now I cannot assert that that phase of a tired heart in all respects corresponds to the fibrillary periods illustrated by Dr. Levy, for the simple reason that he does not define, so far as chloroform is concerned, the state of the animals at the time of the occurrence of these abnormal contractions. If the animals in which ventricular fibrillation appeared were in a state of chloroform narcosis, it is my opinion that Dr. Levy has misinterpreted a natural phase in the conduct of a tired heart. But whether this be so or not, it is certain that, whenever chloroform is limited to the lowest degree of action associated with unconsciousness, no such abnormalities as are described by Dr. Levy ever appear. And further, if the proportion of chloroform in the chloroform-air atmosphere is reduced, methodically, at the end of each succeeding stage, uniformity in the course of its action, which he points to as being most desirable, will be attained. And not only a uniform action, but also security of the heart against being overworked. I am not so convinced, as Dr. Levy says he is, by the evidence of his experiments, which he regards as conclusive. And I think some kind of checking experiment might be undertaken to exclude the possibilities of erroneous inference. Thus, the dogs might be equally narcotized; at a given stage, when cardiac frequency is presented, recovery by artificial means is successfully effected in one, while in the other narcosis is allowed to proceed up to the appearance of abnormal ventricular contractions. Then we should learn, from comparing the respective cardiograms, that " fibrillations " do not appear as the first manifestations of cardiac exhaustion, but that these express, later on, the inability of the heart to perform its function in conditions which have become too powerful for it.
Dr. LEVY, in reply to the President's remarks, said he was asked why there was a greater liability to death after a short administration than after a long one: the reason was that the heart was less depressed by the short administration, and that the recovery from depression-i.e., passive stimulation-was more active. With regard to the use of atropine-he believed that it was a mistake to attempt to abolish the vagal tone, which tended to diminish the risk of ventricular fibrillation under chloroform; atropine was an acknowleged failure as a prophylactic against chloroform syncope, otherwise it was inconceivable that it was not employed in routine practice. As he had stated, when deep aneesthesia was required under exceptional circumstances, atropine might prove beneficial in diminishing a tendency to heart-block and to the spontaneous v,agal action which Embley had described in over-dosed dogs. Dr. Blumfeld's suggestion that only deaths from under-dose occurred in experienced hands was probably perfectly correct, but he thought that this observation must be extended almost without reserve to less experienced hands likewise, otherwise how did it happen that at least 87 per cent. of deaths, and probably more, could be shown not to be caused by over-dose ? He recommended the analysis of clinical reports to Dr. Blumfeld's careful consideration. In reply to Mr. Gill, he said that no doubt the patient who had the vagus nerve cut under chloroform was fully anesthetized, and under such circumstances no cardiac irregularities would be observed. He took an opposite view to Mr. Gill, and considered that by far the greater danger to life existed in proportion as the patient was under-dosed. He thought that the case of syncope which Mr. Gill described as a result of manipulation of an inflamed intestine was the result of ventricular fibrillation from a sensory reflex; the sudden pallor, dilated pupils, and persistent respiration, were typical of this very sudden form of -cardiac syncope.
In reply to Mrs. Berry, he said that the only death of which he had had personal experience occurred when he was anaesthetist to Guy's Hospital eight years ago; he was using a regulating inhaler, and the death occurred when the patient was not fully anBesthetized; it was this fatality which convinced him that the accepted views regarding chloroform syncope were erroneous, and he had been investigating the matter since that time. The only figures relating to deaths under chloroform administered by a regulating inhaler were those referring to the use of the Vernon Harcourt inhaler; four deaths on the operating table occurred in the course of 5,000 administrations in expert hands; at least two of these cases were typical chloroform deaths. He had particulars of other deaths occurring during the administration of chloroform with this inhaler, and it was perfectly evident that the use of a regulating inhaler did not eradicate fatalities. Provided an inhaler supplied a fully sufficient maximum percentage of chloroform, and was used to ensure a continuous supply of vapour, it was a desirable appliance, but if it were employed to attenuate the vapour to the lowest possible percentage, as was now taught, its use could not be too strongly deprecated.
